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1. Introduction 



Objective: 

The scope of work for this technical evaluation contract consists of the following: 
"Review the current status of the HydroCatalysis process development and 
plans for development of the functional prototype unit, and provide 
comments and recommendations regarding the planned tasks, resource 
requirements and projected schedule." 
The subtasks for completing the review were broken down into four ^ th^are 
addr^d below COMCO has defined four stages in the -Coir^eraa^Uon Inv^nent 
3£TS££Zr hydrogen energy source (Attachment A> ^ Anderson^been 
S'toprovide a -reality check" or a "sanity check" on the Phase I development 

!1™ ,nH -red line" the schedule that comprises the first of the four stages 
Z2FS£b\ Tta deSoTtf the Test Cells 1, 2 and 3 which were initially given to 

ZZT** £ necessarily an integral pan of my task J^^f*™ ° f 
these milestones was finalized by rim Kendall and is included as Attachment C. 

As part of a Due Diligence process that has a bearing on funding levels and timmg 
(stageo Cmg). We (KiL-Anderson) take a conservative vfcw of thetechnicd ^ec* 
Ss project I have based my report strictly on my fact findmg tnp wrth KmKendaU to 
So^I^ Power Corporation (HPC) and the NovaTech labs, and *e 
SmSonVovided to me In this role, I have been mindful that cor^derable mv^ment 
SSe contemplated, and the planning that describes howthese funds ^ "tiLzed is 
tev to ensuring that resources will be used effectively and efficiently and towards the 
Ste^s of COMCO. We have deemed it wise to err towards the consen^e, 
SoW Technology Insights and PacifiCorp to make up thor own minds about how 
iToptSm to mject Where I did not see a clear process underway, I have pomted 

out so that Technology Insights, who has access to many more documents relevant to 
to t^hTology, and who have months of study behind them about ths technology, can 
incorporate my comments into the total picture. 

Most importantly, the alterations in the revised schedule result in a planning ^document 
that representee most likely outcome of the work to date at ^ ^ ^ 
progress of the work. Milestones have been rev*ed to be ^^br^kpomts mthe 
p£S2 of work, so that now slips or advances in the work schedule may be f** 
accomodated This schedule will continue to serve as a wortang document for tracking 
reXtfthe investment, and can form the basis for allocation and reaDocaUonof 
resources along the way. The intention is to provide COMCO management .wrth 
ZSSZ L working tools to ensure the overall success of tins venture. 
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2. Review Background Material (Subtask 1) 

A list of the documents I received and reviewed is in Attachment D. 

My study was a technical evaluation of the process to commercialize this invention 
only, and I have not done a technical review of Dr. Miils's Hydrino Theory, or of the 
experiments that lead to the design of the vapor-phase reactor. For the purpose of this 
study, I have assumed that excess heat is evolved by these energy cells, that this result has 
been verified by independent laboratories, and that the phenomena is explained by Dr. 
Mills's Hydrino Theory. I reviewed all items in Attachment D only, thus, I have not 
reviewed the data or experimental methods from this previous work, which goes back 
several years. Neither have I attempted a review of Dr. Mills's Theory. Therefore I am 
not opining on the experimental history, or the theory in this report. 

However, I saw nothing during my fact-finding trip that contradicted the assertions 
and representations made by HPC about any of their work, or about Dr. Mills's theory. 



3. Visit to NovaTech and HPC Facilities to review the current status of activities 
.relevant to the integrated schedule for development of a functional prototype unit. 
(Subtask 2) 

As explained to me in my visits to HPC and NovaTech, by their personnel, and in 
conversations with Tun Kendall of Technology Insights, the HPC/NovaTech current plan 
as outlined is the following (points A through D): 

(A) The most long-lived excess heat cell experiments were completed at Thermacore. 
Multiple experiments at Thermacore demonstrated excess power, but the work was 
abandoned because the results did not provide a basis for a commercial application. 

The electrolytic cells were rejected as a design basis for a commercial unit due to the 
limitations in power density that they could achieve. In seeking economically viable power 
densities, the concept of the hydrino transition reaction was re-examined and a new energy 
cell design was invented from first principles. HPC asserts that the transition reaction can 
occur in the gas phase, as well as in aqueous solutions. If this assertion is proven true, this 
enables a new generation of hydrino energy cells to be built that take advantage of 
traditional chemical process ideas, such as continuous feed of reactants, high operating 
temperature, and continuous operation. 

(B) It is the transition to this new type of cell that is the focus of Test Cell 1 work that is 
in progress at HPC and NovaTech. The objective of this Task is to demonstrate a cell that 
will operate repeatedly and contrpllably. The operating parameters have been defined as: 
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Operating Parameters 



Catalyst vapor pressure (catalyst concentration) 
Choice of catalyst 

Choice of hydrogen dissociation surfece: filament or foam 
Molecular hydrogen gas pressure 
Atomic hydrogen gas pressure 

Filament operating temperature (current supplied to the filament) 
Cell hydrogen flow rate . ■ — 



Ontimal operating parameters are expected to be 2. Torr of potassium, 200 milliTorr of 
SSi and as high a filament temperature as possible to atomize as much 

based on the results of the quartz cell, and calculations by Dr. Mills. 

(C) The design goals are listed in Attachment C. Most importantly, catalyst vapor 
pnLsure canoe Led by controlling the temperature to the potassium iodide oyen wrth an 
Sal h^er. Previous designs have used heat from the filament £ vaporize the 
o^Tum The addition of this degree of freedom will permit the best operajng vapor 
Jre^or^tassium to be documented. Secondly, hydrogen can be flowed through the 
cell continually, the first step in going towards a continuously working cell. 

(D) Fabrication of a test bed, which I recommend be expanded to a conventional Test 
^f^derwayatNovaTech. A Test Fixture will allow experimentation wrth 
^r 0 ^g scenarios, by serving as a standard testing device for different designs 
of the energy cell. (See Section 4). 



HPC Site Visit: 

The current activity centers around a dramatic change in energy cell de*pL In 
changing design from the aqueous cells to vapor phase the P^^ngato^c 
hvdroTen and catalyst ions in the gas phase had to be solved. BiD Good, HPCs research 
TJZTZ stated Aat potassium and rubidium both are ac^e^arysts for £ *ansrtK» 
Action process. Further he states that alkali halogens ™ te *™ * 

utilize and that several salts were tested, and iodides were d *^*^ _ 
choice. According to Mr. Good, an operating temperature of g^wta ^totajp 
the ions from condensing out on the walls of the vessel is required. He also presented the 
following information: 

Initial testing was done with a quartz tube reaction vessel. Data from *^ tube 
indicate that optimal operating conditions will be 2 Torr of potassium ions, 200 rmlhTorr 
oTnSecX hSen^hafilament temperature (reaction surface temperature) as high 
as possible (limit on the tungsten is 2000 C). 



Kline-Anderson, Inc. 



Proprietary and Confidential 



3 



Tungsten was chosen as the filament material due to its good high temperature 
properties. However, tungsten reacts with oxygen, thinning the filament and leading to 
failure. Thus a good vacuum must be established prior to powering up the filament and 
introducing the reactants. The reaction vessel should be evacuated to below the milliTorr 
levels that are achieved now, and an upgrade from the current mechanical pumping 
system is required to ensure a clean vacuum free of contaminants. 

Evolved heat is measured by differential calorimetry; HPC and NovaTech have 
invented a new high temperature calorimeter for this purpose. It is constructed from 
firebrick, and the energy evolved is measured as a changing heat gradient between two 
points located radially outward from the energy cell's center. As excess heat is evolved 
from the energy cell, the rise in temperature differential between the two points is 
measured. No experimental runs were attempted with any cells until calibration curves for 
the new calorimeter were stable and reproducible. It is critical to be meticulously careful 
with these calibrations, since the observable of excess heat will be the chief experimental 
result that will guide the optimization of these energy cells. Meticulous thermal isolation 
and calorimetry that is above question is key to this process. It is the single most 
important issue for the overall success of the development plan 

Recommendations: 

Because the energy cell is not totally enclosed in the firebrick, but the ends of the cell 
protrude from it, there are two heat paths out of the cylindrical energy cell: Radially out 
through the firebrick, and axially out the ends of the cell. Since conduction and 
convection dominate over radiation for heat transfer mechanisms, it is reasonable to 
assume that the proportion of heat that flows via each path remains constant throughout 
any heat generating operation of the cell. If this proportionality does stay constant, then 
the measurement of excess heat recorded by the thermocouples located radially out from 
the center of the cell will indicate data accurately. This assumption may or may not hold 
up with the addition of the tungsten foam as well as it holds up for a simple tungsten 
filament. Final resolution of this issue will require construction of a "test bed calorimeter" 
that completely encloses and isolates the apparatus, like the conventional bomb 
calorimeter. 

This test-bed standard calorimeter should be specified with multiple thermocouples, 
ten or twelve, that are monitored and recorded by a data acquisition system. Design and 
construction of this device will require additional materials and instrumentation beyond 
what is presently in place at HPC. This could be incorporated as part of the Test Fixture. 
Because the thermal measurements are key to this project, the firebrick calorimeter must 
be fully characterized and calibrated to a standard calorimeter if possible. If a 
commercial calorimeter cannot be brought in for standardization against a well known 
instrument, an acknowledged calorimetry expert can be brought in to independently study 
and confirm that the calorimeter is fully functioning appropriately. This expert can certify 
that the calorimeter is functioning properly, and that it is the best way to handle this high 
temperature situation. 
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An inherent limitation of this energy cell is the temperature limit of the stainless steel 
vacuum vessel The vapor pressure of KI at 710 C is 1 Torr. To achieve 2 Torr, the 

2*760 C has been specified, but Matt Ales at NovaTech is wfflmg to 

u^to800C. Certainly commercial energy cell units will require an advanced materials 

solution, and the test cell development program must reflect this. 

Two test cells are slated for operation by HPC (TC1B and TC1C) to improve ; the 
understanding of the process by variation of key operational parameters. I have listed 
these parameters in the box above. To map the multiple parameter-space of the 
performance of this energy cell, each parameter must be varied independently ^d 
Zstem^fy This dataguides test cell design and will form the basis for understanding 
the dynamic characteristics of the prototype energy cell, and indicate requirements for 
process control instrumentation. 

In addition to an upgrade of the vacuum system and test-bed calorimeter, additional 
testing equipment is required. A high quality stable power supply for the lament, 
additional thermocouples, and a hydrogen flow meter to meagre molecular hydrogen 
delivered to the reaction vessel is a minimum equipment list for this task. At least two 
professionals full time should be devoted to this effort. A data acquisition system to 

monitor and re^r^ A""* ^ d T^L^L 

potassium heater must be incorporated whh these testing cells. This is an important step 
fathe development and understanding of this technology and constitutes a conventional 
lab Test Fixture. 

NovaTech Site Visit 

The NovaTech team present included Richard (Hawk) Rochow, Matt Ales, and Lewis 
Wa l ton . They have expanded their space to house this experiment In our discussion with 
NovaTech a quartz energy cell encased in fire brick was described. This work was 
internally funded by NovaTech and designed to be a "quick and dirty" attempt at 
independent verification of the evolution of excess heat. It was a static system, capable of 
no eas recharge Catalysts used were potassium nitrite and potassium iodide, with heat to 
the^aryst from the filament only: no independent control. Zirconia and alumina were 
used as insulators in this cell, with a marginal vacuum system. The calorimeter, which ^was 
originally constructed of calcium silicate (failure mode: warping), was replaced with the 
firebrick insulation that forms the basis for the current calorimeter. Here the fmpte 
firebrick deka-T method for measuring heat flow was developed. Results indicated 3 /o 
excess heat was evolved, with an estimated 2% uncertainty in the measurement. 

In designing Test Cell 1, they described numerous significant design changes that 
were made based on their experience with the quartz cell. The quartz tube was replaced 
whh a stainless steel vessel whh an external catalyst reservoir. Internal aluminum oxide 
insulation was added to protect the stainless steel wall from thermal damage. A tungsten 
foam core for dissociation of hydrogen was installed to maximize tiingsten surface area. 
Expected maximum centerline operating temperature is 1500 K, whh an absolute 
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maximum at 1 800 K, where the alumina will start dissociation. A flowing hydrogen gas 
system was installed. 

Experimentation up to Oct. 16th had not resulted in a statistically significant 
observation of excess heat. NovaTech proposed several reasons for the failure of the cell 
to evolve heat. Among them are the following: 

• Control of the catalyst location and partial pressure was not sufficient to 

deliver catalyst to the reaction volume at appropriate 
concentrations, and at the right moment in the experimental "run" 
of the cell. 

• Large time constant of the calorimeter may be obscuring results. 

• Failure of tungsten filament at high temperature and flow conditions. 

• Possible contamination of the tungsten foam rendering it inactive for 

hydrogen dissociation. 

• Contamination due to inadequate vacuum. 

• Persistent contamination due to alumina insulators. 

Recommendations: 

To address these issues, they plan to run at higher centerline temperature to achieve 
greater dissociation of hydrogen gas to atomic hydrogen. They may run with the filament 
and without the foam. A turbomolecular vacuum pump has been acquired by NovaTech 
to be fitted to the energy cell. This addition will solve the problems of impurities to a large 
degree by improving the ultimate vacuum the system can reach, but cannot totally 
ameliorate the oxygen and water contamination that is the product of the slow outgassing 
of the thick, hot, alumina insulators. This is seriously problematic and progress will be 
faster once the alumina is eliminated. 

A lengthy discussion of the alumina insulation highlighted the fact that it is a source of 
oxygen and water in vacuo, and due to the size of the insulators, will take a long, long 
time to bake out completely. These insulators will also retard heat flow to the surface of 
the cell for heat transfer in a heat exchanger. Several other choices for insulation were 
discussed and molybdenum foil emerged as the early favorite, due to its relatively cheap 
cost (compared to other advanced materials). I recommend that this change be effected 
immediately, in the multi-layer geometry that NovaTech suggested It will give their cell 
a higher temperature capability immediately, and speed progress. 
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4 Provide comments and recommendations regarding resource requ^ments for 
pianneTtasks leading to the fabrication and initial operation of a functional 
prototype unit (Subtask3) 



Test Cell 1 



ICS* * . 

Performance milestone goals require demonstration of excess V*™ 0 ™**™™ 
levd o> tne calorimeter (estimated at 2% in the delta T measurement by NovaTech), 
repeatably and sustained over hours. 

Test Cefl 1 is currently being modified at NovaTech. Several important issues have 
been^dtnSL thl^^rkSounds. The most fundamental is the vacuum quahty. 

While Wect" mechanical pumps can achieve an ultimate vacuum of 40 mffliTorr, 
this aSeTa rebuild' or general overhaul has been ^.^W 

X oe^SOoflOO milliTorr, as both NovaTech and HPC have experienced^ 
Sried to stretch the quality of the vacuum they get by usmg the conventional fix: cyclic 
^potTaS wS inert gas. This is sound lab practice, and might be good 
^Sifrt weren't for the alumina insulator^, which present a lengthy outgassuig problem 
^t^SSm. Even after a reasonable "bake^ut" period, oxygen and w^ter due 
fo ^ aSmay persist. The NovaTech solution, ^^eaterpur^mgc^is 
^hfclOZ. IfthTcontinue to flush with an inert gas, they might try dry nitrogen 
instead of helium, because it is cheaper. 

Thermal isolation of the energy cell and the firebrick calorimeter has been djsaissed 
^vT Trecommend that the firebrick calorimeter be redesigned for complete encasement 
of^een^" d cam,rated to a known standard. This wfflbeinvolve4,but w^ 

T^^ccartcyin^^. ^^J^f^TaTbeing 
(resvonse time) must also be clearly demonstrated, so we will know /results are being 
ob^Z NovaTech is already considering this problem by c^panng ■*» 
CTerature excursions to the delta-T measurement. The uncertainty in thedeha-T 
n^SL must clearty be established at 2%. This can be accommodated within the 



Test Fixture. 

A significant materials problem has become evident in the operation of th^tert ceU: 
The enaction vessel must be kept above the condensation temperature o^^T 
SdTonehing point 682 Q. The operating temperature selected to achieve the desired 
vZr p^foTpotassi urn ions in the cell is 710 to 730 C. Inorganic salts are ih* 
^ZZfor their reflux tendency back into a furnace, and H is unlikdy that a substantial 
SuTptaseofKI is resident in the cell. Ifthe potassium kms or KImolecul* *were 
cTdeLg out on any surface below 682 C no positive results in excess heat wfll be 
r^Tetomeabsenceofthereactant. Further, the potassium must be a lone ion to 
Spate in the hydrino transition reaction. The clear indication is that the entire 
S vessel must be operated at temperatures of at least 730 C, and^probabtyb^en 
Z a commercial energy cell, higher operating temperatures (at the surface oft te «D)are 
desirable, as this grveTthe cell superior heat transfer efficiency, so solving this problem 
sooner rather than later is wise. 

Mine-Anderson, Inc. Proprietary and Confidential 



The alumina insulators can probably be run at the desired temperature - however, due 
to their mass and geometry, it will lengthen the time for the cell to achieve thermal 
equilibrium at the operating temperature. Further, the problem of oxygen and water 
contamination from the alumina remains. Direct lab experience in scaleup operations 
requiring alumina material as pass through insulators or internal static separation units, 
underscores the need for lengthy bakeouts. The porosity of this material allows outside 
atmosphere to permeate h each time the vacuum is vented. In this case the problem is 
critical enough that we recommend replacing it as soon as possible to ensure accurate 
results in testing. 

The proposed solution from NovaTech is to fashion a multiple foil insulator to protect 
the stainless steel walls from excess heat. This is a good solution for Test Cell 1 and 
should be implemented now. Not only is the thermal problem solved, but the 
contamination problem is eliminated, and the design for the cell is simplified. In the 
commercial cell, the vacuum wall itself must be fabricated from an advanced material. // is 
prudent to begin testing and evaluation of materials now, as heat shields, in preparation 
for selecting the final reactor vessel material This is a serious problem and will take 
some time to address Julty. It comprises a significant modification to the cell, therefore 
after its implementation the cell must be recalibrated with control runs. NovaTech 
estimated die cost for molybdenum foil to effect this change at about $15,000 for one cell. 
This may be underestimated, and this will be a one-time purchase, but if this solves the 
problem a much larger purchase of it wfll be needed. 



Test Cell 1 Objective: To achieve a design of a cell that 

will operate repeatedly and controllabry, and use 
as a basis to formulate a strategy for subsequent 
cell development 




Design Goals: 


Status: 


Independently control catalyst vapor partial 
pressure (utilize an externally heated reservoir, no 
high temperature seals). 


An external heater has been fitted to the catalyst 
reservoir, converting it into an oven. 


Utilize a flowing hydrogen cell (prevent "fuel* 
starvation). 


Hydrogen flows in to the reactor through the 
catalyst furnace. 


Overcome the thermal limitations of previous 
vessels & insulation (keep stainless sted vessel 
sufficiently cool, but keep stainless steel vessel hot 
enough so potassium, iodide catalyst precipitation 
is reduced). 


Undergoing redesign and modification now, see 
above. Ultimately will require fabrication from 
advanced refractory materials. 


Design and fabricate a relatively inexpensive test 
bed (allow for high surface area tungsten foams or 
powders, allow for various catalysts, investigate 
other materials, investigate different operating 
scenarios (T, P, flow, etc.)). 


The initial model is in place at NovaTech, but 
requires a higher quality vacuum system and 
instrumentation linked to a data acquisition 
system to record results of different operating 
scenarios. See "Fabrication and Operation of Test 
Fixture" below. 
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To overau a, these elevated temperatures all Mton seals mat be replaced with metal 

stainless steel reactor tube. 

The best control protocol must be agreed upon and used consistently. A non- 
tssSa^hZtsJce shouldbe considered for control runs of the calonmeter. 

After the above modifications are completed and the energy cell is operating it is 
reaso^e* prZne that one or more iterations of design and modificaton wul be 
reared. This will slip the schedule for Test Cell one considerably. 

Other technical additions that NovaTech proposed and I also recommend are the 
following: 

. Data acquisition system: to track thermocouples, gas flow, and current supplied to 
filament 

. Improved catalyst pressure control 

. Attempt to eliminate catalyst losses to cool spots. 

^Thermocouples at faster responding locations (and more than two) 
. Greater range in power suppVcontroUab le cons tant power source. 

Jestimate rninirnum personnel retirements foy he 

This is significantly higher than their current level of effort 

Fabrication and Operation of the Test Fixture, TC1A and TC1B: 

The concept of the Test Bed is important and should be expanded to be a 
conv^o^lSt Fixture. The last design goal for the Test Cell 1 is to fabric , a ^test 
^T^estigate operating scenarios (parameters). Instrumental needed for 
^p^o^ofAepro'cesswiDbcludemefoUowing: A constant ^power 
XX pressure gauges, pumping system upgrade to improve *e vacuum exacts 
^ritvlevel in the cefl), and metering to monitor hydrogen gas flow into the cell. 

A^Sion of" ISdual gas analyzer to determine content of the reaction cell should be 

seriously considered. 

This test fixture, instead of being an operating model, serves as a standard testing 

devisor Cerent designs of the prototype energy cell. It will support the development 

T^Zy control systems to service the steady state and dynamic requirements of the 

energy cell (Test Cell 2 performance goals). 

It will generate comparable test data all the way along the program, for each change 

in the e^T An automatic data acquisition ^ nm by a defeated compute « 

^^TtoAis fixture. It measures all important operating parameters, including amount 

1 a-H~\ etc This is all saved to disc for every test run. A graphic paper 

SSiw documents prog** and shows whether milestones are bemg .ctaeved. It 
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records a complete data set for analysis and troubleshooting of problems. This test fixture 
is common lab practice and requires standard instruments. 

It is unwise and ill-advised to use a test cell that is incrementally modified and 
integrated into its own data gathering system for this purpose because any problem that 
may have occurred that was overlooked can skew results. A test fixture is a work station 
that, for example, has a multi-lead cable that is plugged into the energy cell under test. It 
is advisable that the firebrick calorimeter be a permanent part of the test fixture itself. The 
test fixture houses the metering devices and data acquisition system. 

The redesign of TCI A and TC1B as independent test fixtures, with calorimeters that 
are calibrated to a standard, creates a data acquisition system that records all experimental 
events, and the results are kept in lab notebooks. This is useful for a number of reasons, 
among them financial and experimental, and for demonstration purposes. For 
demonstration to third parties, who will eventually want to see this data (OEM's), it 
provides a standard lab unit where all cells have been evaluated with results that are easily 
compared to each other. This issue takes on even more significance since Test Cell 1 
hasn't produced a positive result yet, in terms of excess heat. As soon as the cells start 
generating excess heat, baselines for operations and outcomes will be automatically 
recorded in the test fixture, facilitating the optimization, and design/modification cycle! 

This level of documentation - at each step - increases the overall probability of 
success of the Phase I program, and lays a foundation for interaction later with OEMs. A 
person with extensive laboratory experimental experience (advanced degree), and 
extensive management experience should be put in place to provide strong leadership to 
the design and testing teams. This leader will keep teams on task, and get them the 
materials/resources they need for quick work-arounds in between milestone reviews with 
management. 

Conclusions: 

The level of professionalism and care displayed by the NovaTech personnel is high 
and consistent. They appear organized, thorough, thoughtful and prepared to go forward. 
They have made a business based on prototyping hardware for space applications, which 
makes them experienced not only in hardware design and methods development, but in 
working with extreme operating conditions. In the case of space systems, hardware must 
withstand extremes of temperatures and pressure along with the possibility of frequent 
thermal cycles. This group is very well-qualified to lead the Test Cell development team 
and engineer these cells for scientific accuracy as well as functional reliability with a 
continual awareness of the requirements of the eventual commercial unit. They are a key . 
resource for this project, and the depth, scope and experience that they bring to their work 
substantially increases the likelihood of the absolute success of this entire Phase I 
development program. 

Their team would be more effective if it were augmented in several ways. They need 
an expert calorimetrist available to them for quick consultation concerning the operation 
and calibration of the new firebrick calorimeter. This would be a senior, perhaps retired 
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person who would be available for occasional discussions. They also need wOOeto 
Can advanced materials expert, who they have already identified. As tii ^program 
proLds, this person wOl become more and more central to the effort, and should be 
fa£? i - -on as possible. Other additions will V^^~^~*T 
project evolves, and NovaTech has indicated an awareness ofUus and is ready ° recruit 
expertise as h is required. Their demonstrated ability to identrry quickly and solve 
oroblems that emerge throughout the course of this project, and assign appropriate 
P^HoworkLksiscScal. This team should head the design team -eedngsfor 
father clarification of performance goals and design issues for work m progress. They are 
best qualified to lead the Phase I Test Cell effort. 

Another recommended addition to personnel is a veteran goven^ent-trained 
conWation management person who would be utilized at 1/2 or 3/4 time to provide 
^ghT^guraSid rdeaTcontrol for procurement ^f"****™^ 
dSgn drawings. Scientists and engineers typically rely on files for tms activity, and do 
noTSord this mformation systematically or completely in their lab notebooks. Files can 
be lost, or accidentally destroyed. 

Test Cell 2 

The resource requirements for accomplishing the design and performance goalsof 
Test Cell 2 present a slightly different kind of problem. As the basis for this task, there 
will already exist an energy cell that produces excess heat over hours of operation. 
Meeting the goal of 24 hours of continuous operation will require that the auxiliary 
Loess controllers be functional and can feed reactants to the energy reaction volume of 
Ae cell reliably and steadily. It remains to be discovered if the performance goal of 1 watt 
per cubic centimeter in the steady state is enough for self-sustaining operation. 

At this stage, the power that is generated wOl now include the heat necessary to 
sustain the reaction. As a development device, there is no provision for extraction of 
useful energy; its entire energy production is going in to sustammg 
temperature, or to ambient losses. The power generated will balance the heat loss to 
ambient in steady state operation. In later work, when the energy extraction/utilization 
device (such as an operating field system) is introduced, all the excess power won't be 
devoted to running the energy utilization device. Some power wOl be pulled back to 
sustain the transition reaction in the energy cell, and other energy wfll be part mto electrical 
feedback for hydrolysis of water to generate hydrogen. In a commercial device, the 
system will be optimized for these factors. This fraction of energy used to sustain the cell 
and generate hydrogen may be interpreted as a fuel cost. 

Personnel requirements may need to be adjusted for this task, based on the 
experienced gained in comple ting Test Cell I, and this decision should be incorporated 
in the final Test Cell 1 design renew. 
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V % 

Test Cell 3 and the Functional Prototype Energy Cell 

Continually during these tasks the COMCO Commercialization Team must stay in 
contact with the Test Cell Design team concerning issues related to manufacturabilty: 
scaleup considerations/constraints and market information. During these stages, the Phase 
I development program must become increasingly interactive. Monthly design reviews are 
recommended to facilitate this process. 

Also a continual dialogue between the engineers who are building the test cells and 
the COMCO person responsible for future interaction with OEMs must center around the 
expectations and requirements that must be met for a functional prototype energy celL A 
first step in this direction is Tim Kendall's "Conceptual Characterization of HydroCatalysis 
Turbine Application Options" (Attachment E), and the detailed description of one of the 
ten options, "S-l Radiant Recirculating Boiler" (Attachment F). Interaction and dialogue 
must be ongoing to ensure that the Phase I development work is focused on the 
requirements of the field prototype, and aligned with the constraints of the energy 
utilization device that it will be integrated into. This dialogue must be continued, although 
it may require only a low level of effort to maintain. This should be part of the "initial 
product options" line 62. 

Already this activity has indicated that the commercial energy cell must be small to 
accommodate high power density on the inside and good heat transfer on the outside of 
the cell. Initial dimensional estimates are two to four cm in diameter and as long as 
possible (constrained by the kinetics of the transition reaction). The cells must operate at 
high temperatures (above 730 C), must maintain a vacuum inside, hold up to pressurized 
air or water outside (for some options), and have good heat conduction to the walls of the 
cell to facilitate its role in a heat exchanger. This activity is already generating 
intellectual property for COMCO. These integrated designs must be carefully 
documented and treated as sensitive trade secrets. Patentability of these designs for 
devices must be explored. 

Feedback from this team must be factored into the Test Cell 2 and Test Cell 3 design 
objectives. In particular the startup method for initiating the transition reaction in the 
test cells, once they are operating as part of a heat exchanger must be considered and 
planned for by Test Cell 3. For example, initial heating of the energy cells might require 
that the pressure wall incorporate selective surface reflection capability. Other design 
requirements will develop in the course of this Phase I program. Frequent interaction and 
discussion between the Test Cell Design teams and the commercialization team at 
COMCO will ensure that these issues are dealt with early on in the process and 
efficiently. 

At the Test Cell 3 / Functional Prototype Energy Cell demonstration stage, a cohesive 
life cycle operation paradigm needs to be outlined. The analysis can be concluded 
regarding what redesigns may be necessary to demonstrate number of cycles, number of 
closedowns and restarts will be necessary and expected. Early marketing studies would 
help identify these constraints such as how often an operator can afford to shutdown and 
restart the unit. This life cycle analysis is part of the continual comparison of design 
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specifications and customer needs that goes on for the entire Phase 1 effort as a 
background activity. The design after this one will generate a demonstrable shut-down 
and startup system for the energy cell, that occurs without human intervention. Also an 
estimate of how many cycles the unit will be required to execute, and ks operating cost 
parameters can be determined towards the end of the Phase I planning penod. 



5. Provide comments regarding the viability of the projected schedule and 
recommendations for adjustments as appropriate. (Subtask 4) 

COMCO has created an aggressive schedule, clearly so that commercialization can 
oroceed as rapidly as possible. When h was determined that there was no cogent Usbng of 
performance ^goals for the test cells (milestone definition), I drafted a set that Jim Kendall 
and I worked on so they could be included in this report As a result, the imtestones were 
desiene< l to be natural breaks in the course of work (slip/advance points). Kline- 
Anderson's independent calculation of the time required to reach each mUestone matches 
up well with the original estimates in the COMCO schedule (Attachment B) after the Test 
Cell 1 milestone. We have recommended that personnel be augmented in several areas to 
meet the time goals. Once this performance milestone has been reached, the remainder of 
the schedule should be reviewed. 

In Phase I development programs, such as this one, timeline milestones are often 
difficult to predict and to achieve owing to the uncertainties in the nature of development 
work In this case, a radical design change to the energy cell has been adopted (aqueous 
phase to vapor phase). Until Test Cell J operates successfully, no one can say haw much 
the schedule may slip, because there isn't a test cell that works yet Given that the 
delivery date for the Test Cell 1 report is 12/3, the design team for this is in a very tough 
spot This means the work must be completed by Thanksgiving. Even with augmenting 
the design team as discussed above, it would be reasonable to add 8 weeks to this task, to 
provide for procurement and implementation of the mory foil, calibration of the 
calorimeter and enough process control ability to sustain the reaction for several hours 
At least two more complete design/modification iterations are recommended. It could be 
approximately December 15 before NovaTech has a cell that they can begin to optimize 
for power density and duration of run time. During this period, they will have addressed 
several performance goals: 4, 5, 6 (seebox). But will only be in a position tc .begm on 1, 
2 and 3 Allowing an additional eight weeks for looking at 1, 2, and 3, puts the milestone 
for Test Cell 1 at Feb. 15. This is a best case scenario and assumes no new fundamental 
design problems emerge. 
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Performance Goals Test Cell 1 

1. Show excess power operating over the noise level of the calorimeter (2% in the delta T 

measurement). Target excess power generation is 10% 

2. Sustainable over hours (limit condensaUon/precipitetion of catalyst and oxidation of tungsten 

filament) 

3 Repeatable demonstration of excess power. 

4! Controllable (controlled approach to excess power operating conditions and stable operation while 
generating target level of excess power) 

5. Operating temperature 1000 to 1400 degrees C in the "hot zone" reaction volume as measured by 

the type C thermocouple. 

6. Better understanding of cell insulation and refractory materials requirements. ( 1 

This is all non-trivial laboratory work that has to be done when changing a basic 
apparatus, and even with augmenting the NovaTech staff; people who are accustomed to 
this sort of problem, it will take time. This is a significant schedule slip that is not 
avoidable. 

Another likely place for a schedule slip to occur is if the redesign, management review 
and go-ahead takes more than the one day that is allocated for this task. To address this 
issue, and ensure that management is prepared, before the milestone date, for possible 
reallocation of resources, monthly design reviews are strongly recommended. These 
reviews should be on she, and conducted by COMCO's project manager and consultants 
that are selected for this purpose. 

Because of the unavoidable uncertainty in the timeline for the milestones, it is 
important to create a concrete and clear understanding of the work in progress so that 
adjustments can be made prior to the milestone reviews. Monthly meetings are not too 
frequent at this stage. This uncertainty cannot be avoided, but its impact has been 
minimized by the formulation of specific design and performance goals for each step of the' 
way, so that COMCO management can track work closely. This is a conventional way to 
handle the risk elements involved in Phase I development 

As the degrees of ride are removed, it becomes more possible to make a concrete 
schedule thai the COMCO team can stick to. But this actually is not realistic to expect 
before the first testing of the functional prototype unit itself After that point, it is Kline- 
Anderson's experience that total schedule slippage approaches about 6% per year (this will 
beinPhasell). 



6. Conclusions of a Technical Nature 

For successful commercialization of this device, three goab most be met: 

7. Increase in the power density that the cell will evolve: A reasonable goal for dus is 
100 to 150 kW/liter reaction volume. This is the comparable figure for boilers (reference 
Jim's report). It is estimated that a figure as low as 50 kW/liter will be economically viable 
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in a commercial unit. The economic viability cutoff power density depends on the 
features, benefits and costs of the final system. 

, rnntrollnbilitv ofthe process: An increased understanding of the interdependence of 

or ideally, a dial-type control that will vary the energy output ofthe cell. 

3 ' Prolonged operating duration at a self-sustaining power level: The <^s ™st 

Lteto *« a «"*« procedure 1138 been 6X60,164 ^ 

input into the cell withdrawn. 

The oroeram is sUent about several important concerns: Safety issues, such as 
stora^ r^Xrogengashavenotbeenaddressed. "j^^* 
ttat^y prevent ^ technology from being scaled to economic viability havenotb^ 
™Si For example, what chemical kinetics and process dynamics can 
LTovlded for early in this program? Is the input current m a hnear ^°»^P ™£ 
Revolved, and does that impact scaleup? Are there hidden dynamic f 
STpToce^ thai will preclude scaLp? Does this reaction have a selHimitmg aspect, and 
is there a competing quench reaction. 



7. Off-Task Unsolicited Observations 



Early marketing studies need to identify how many times in a week or month an 

t£e of commercialization and scaleup issue that will come up ^^^^ 
S^ughout this work. Commercialization of this technology ^* I ^ urte ^ to 
So the nature ofthe process. Design reviews each month at all labs, arc , ottc* to 
Sort, and the report from the review should have the same density and focus that I 
have given one. 

The unit first shown to outsiders, must operate without human mte^n. It should 
be as easy to turn on as throwing one switch, and all safetygatmg ^ * »P*~ 
s^-suSning run mode with appropriate shut off is requued. ^S^^TT. 
Uncial return from a third party, this unh should not be shown to anyone before* .» 
ready. COMCO cannot show a unit that doesnt work well and then claim to be able to fix 
it later. 

- I am concerned about the lack of formal peer review ^^^^^ 
theory has been published. There has been some peer review of an urfoni^unpubhshed 
nature on Dr. Mills's theory. I am aware of Englemanrfs book review (noted m 
Technology Insights Technical Assessment). It is surprising that there isnot on? 
independently published paper that reports on the fundamental work in his theory, since it 
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was first published in 1989. It is provocative in its use of the Maxwell non-radiative 
boundary condition, and the use of the 3-dimensional Dirac delta function. For example, 
the interpretation of the Planck constant and the particle behavior of the electron is very 
interesting, and these ideas would seem to attract comment and dialogue from others. 
However, there seems to be a high threshold for serious consideration of the theory by the 
physics community. This may be due, in part, to the fact that the theory is contrary and 
revolutionary, and developed by an individual with unorthodox credentials. 

COMCO is already generating intellectual property now. 

In all aspects of the technology, but particularly in the scaleup into the 
commercialization of the technology, constant attention must be paid to intellectual 
property protection. This activity includes accurate documentation of trade secrets, filing 
of patents, international PCT filings, and all other aspects of intellectual property regime 
maintenance. 

A COMCO Technical Advisory Board should be formed. 



OEMs 

An important part of the Phase I schedule involves discussions with OEMs. A focus 
of the Phase I work should be to prepare for these interactions from the beginning of the 
Test Cell work. We have expanded on the idea of a Test-Bed in the discussion of the Test 
Fixture above. The value of the Test Fixture, and the documentation that it creates about 
the energy generating process, is in these interactions with OEMs. // is our opinion that 
work should continue in secret until cat appropriate Demonstration Unit exists to show 
OEMs. This is not equivalent to Test Cell 2. 

The Demonstration Unit needs will be the first unit that anyone outside of COMCO, 
PacificCorp, HPC, or NovaTech is shown. This unit must operate without human 
intervention. It should be as easy to turn on as throwing a switch. All safety gating and 
release valves need to be in place, and it must start itself up independently, and convert 
itself over to the self-sustaining running mode automatically. This process should be 
evidenced to observers by easy to read meters. By throwing the "Off" switch, it must shut 
down in an appropriate and safe way. It is certainly acceptable to still have some 
engineering issues left, such as materials issues, and some scaleup. However, it is unwise 
to show a unit that doesn't work well (every time it is turned on), and add the assurance 
that it can be made reliable later. 

Until this demonstration unit exists, we urge COMCO not to show intermediate 
results to anyone. Any disclosure of technology and progress contains risk for COMCO, 
and the potential benefit of the disclosure must be weighed against the risk. To get 
maximum return and involvement from an OEM, or other third party, an advanced level of 
development is advised. Our opinion of the "Conventional Wisdom" for return on 
investment during the commercialization stage is in the graph below. The amount an 
OEM will be willing to pay to get involved rises dramatically between a Sustainable Unit 
to a Stand Alone Functional Prototype. Return scales inversely with risk. On the graph 



Kline-Anderson, Inc. Proprietary and Confidential 16 



\ 



an idea, or "Notion", is worth V dollars at hs inception; all the risk for getting the 
™dut based on that idea to the market remains at 100%. As commeraahzation 
^^ZTmLd from the investment, the number of dollars that an mvestor is 
™ peases We have depicted this by scaling the value (x) that the ongmal 
one! aFree-StandingLabUnh exists, an investor would 
10 Seamen of the value of the invention at the "Notion" or 
«L e As risk is removed from the venture due to the progress of the 
IZZZatotia wVr^move right along the x-axis), then at the stage of a Commensal 
UnTm B^rthe only risk remaining is the financial risk of the final step to the market 

There* a dramatic in 'ease in value from the One-Off Lab Unit, to the 
SaSSap Free Standing Model. COMCO can maximize hs investment value by 
progressing as fer along the commercialization phase as possible. 

Dr Mills's desire to talk to OEMs too eariy is a risky approach and in fact goes ^ 
acaini the conventional wisdom that you keep people away as long as you PO«**«* 
Seduce the risks as fer as you can, to realize the maximum financial return from your 

v^nent ffOBtfTsee a unh that is not working well, sustainably, consistentty .or cant 
i^eTon^ 

COMCO Leadership _ 

Fmally, the role of strong leadership provided by COMCO cannot be overstated The 
succlTof tfris Phase I effort depends on a high level of interactive^ commumcatton^ ^nd 
^xma^onbetween ParifiCbrp, COMCO, HPC and NovaTech. Thus can be aduev^ 
rouZegulariy scheduled conference calls, e-mail, and monthly des lg n rev,evv meedngs 
aVe^she^onduaed by COMCO's project manager and select consultants selects. To 
perform on this aggressive schedule, no delays due to miscommumcation can be 
permitted. 
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"Conv entional Wisdom" Regarding Sales Price of An Opportunity ( SP ) to an OEM. 



Sales 
Price 
Multiples 




Lab Standing Manufac'bl Model Unit Unit 

Unit Lab Unit- Free- Fully In beta test 

Unit Prototype Standing Integrated site 

Sized 



Kline-Anderson, Inc 



Proprietary and Confidential 



Attachment A 

Commitment to Commercialization Investment 
Phases I -IV. (Technology Insights) 
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10. Phase Strudure/Commitment to Commercialization Investment 
The following phases will overlap in time: 

Phase I - Functional Prototype (-2 years) 

Development and evolution of energy cells to address identified initial 
device applications). Integration of hydrocatalysis energy eel swrth one 
or Ire energy utilisation devices (e.g.. gas turbine) lor ;|W a 
shop environment Unit operation and modifications to identify and 
resolve resulting technical issues. 

. Phase It - Commercial Prototype EngineerinoyFabrication (-1-2 years) 

Design, supporting subcomponent testing (as necessary and practical) . 
fabrication aVSfadory acceptance testing of energy utilization devices for 
jfieid operation in demonstration projects. 

Phase III - Demonstration/Commercial Unit Engineering (-1-2 years) 

Operation of prototypes, analysis of operating data, revisions to prototype 
design to establish final commercial design plus unit cost and reliability 
projections. 

Phase IV - Commercial Production Infrastructure (-1 -2 years) 

Manufacturing engineering, retooling, quality assurance programed 
production and factory acceptance testing of initial production units. 
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Attachment B 

HydroCatalysis Project Phase I Schedule dated 9/24/96. (Technology Insights) 
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TtefcS^Sips *abeted Test Ce0 1 . 2 and 3 each represent a series of tests ^^^.<^^ t,i !^^J^^^^^ 
£^trW^ce»serteiridudecl^ 

test The procurement/fabrication taste include the assembly, calibration and into* stla ^ f ^ ient ^ ^^^zJ^^^, analuA 
^iysWdocun^ntatkw tasks ind^ 
and documentation in a test report 

10 A *^wtk« design and fabf^^ Quartz »*• * *• «»**• des « ned to 0 » )e,5,te . a, 

700C. 

reaction zone. 

25 A^^ of the test (^2 device design 
the functional prototype unH energy cel. 

M ThTfurtli^pTo^^ ^ 
necessary irearu-3 The unit wcuW be deskjnedfc^peration ^J^^^^^i 

emphasis on uno^rstanding and resoling issues associated ^ 

e^c^operating conditions. AwBary art control systems for the «^ *^ rrt nee«ssar8y be physica* 
energy utilization device. 

** S^STp^Tecn regarding ce* design and operating experience* ^^ w ^^^^^Sic,^ , . 
utffization device for inftia) deveiopment (eg., temperature, pressure, power density, heat transfer and dynamic response enaractensoesj. 

JeaSn^selecS^ Subsequent integrate* of data 

from energy c** development and functional prototype experience to guide the deveiopment of a prototype un*. 

Wentificatiori and developmertf of new application concepts tailored to the characteristics of the HydroCatalysis process. 

u !£2aSS 

design, fabricate and operate the functional prototype unit 

88 SuwrToVp^^ initiatives to involve additional end users (e.g.. utilities, IPP companies) in COMCO, t»mmurocations w*h COMCO 

owners, and coordination of the partidpation of represer^ 
90 Business Plans 

Development and Axaimentation of long term ptens and strategies lor COMCO structure and operations. 

necessary instruinert^ Tte umt vi^uW be des^ 

emphasis w urto^rstaiKJin^ 

expected operating contttions. Aijwliary ar^ control systetro fw 
enerc^utiiizatk)no>>rice. 

1W ^fe£eS^^ 

HydroCataiysis energy ceB. 

10$ ^prototype unit would draw upon earlier experience to produce an integrated unit for field operation in one or more cfetrattstration projects. 
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HydroCatalysis Project 
Phase I - Functional Prototype 
Energy Cell Development 

The following material provides a definition of the design and ^rm^ce 
objectives of an evolving series of HydroCatalysis energy cells leading to an 
enCL.. unlTto be integrated with an energy *" 
funJonal prototype unit Titles refer to task summary entnes in the 
HydroCatalysis project integrated schedule. 

Engineering: 

The task groups labeled Test Cell 1, 2 and 3 each represent a series of 
haro^re and Process design and engineering tests conducted with the vapor 
KX7°"T cel. (energy ce.l) that has ^^^SSSSSS^ 
»♦ wpp and NovaTech labs (note - current expectations are that Nova i ecn 
%^ZfX^f^ will move within HPC crj COMCC* The milestone 
reoorts for each test cell represent design evolution and engineenng 
25£n!^le^ in me evolution of this concept not different incepts 
C ^eXdiment (physical implementation) of the hydnno power cell .nvenfon 

itself. 

The design tasks of the test cell series include design of auxiliary, control 
and^a ga hennrand analysis systems as needed to condud I the^ • scope of 
The test The procurement/fabrication tasks include the assembly calibration 
a^d SSalihakedown operation of the equiprnerrt^The analy^o^ 
tasks include initial definition and necessary adjustments of toe test matrix, as 
w^llas^Ste collection, integration, analysis and documentation ,n a test report 

Test Cell 1 

Objective: To achieve a design of a cell that will operate repeatedly and 
controllably, and use as a basis to formulate a strategy for subsequent cell 
development 

Design Goals: 

. Independently control catalyst vapor partial pressure (utilize an 

externally heated reservoir, no high temperature seals) 
. Utilize a flowing hydrogen cell (prevent "fuel" starvation) 
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• Overcome the thermal limitations of previous vessels & insulation (keep 
stainless steel vessel sufficiently cool, but keep stainless steel vessel 
hot enough so catalyst precipitation is reduced) 

• Design and fabricate a relatively inexpensive test bed (allow for high 
surface area tungsten foams or powders, allow for various catalysts, 
investigate other materials, investigate different operating scenarios (T, 
P, flow, etc.)) 

Performance Goals: 

• Show excess power operating over the noise level of the calorimeter 
(2% in the delta T measurement). Target excess power generation is 
10% 

• Sustainable over hours (limit condensation/precipitation of catalyst arid 
oxidation of tungsten filament) 

• Repeatable demonstration of excess power 

• Controllable (controlled approach to excess power operating conditions 
and stable operation while generating target level of excess power) 

• Operating temperature (other than the filament) 1000 to 1400 degrees C 
in the "hot zone" reaction volume as measured by the type C 
thermocouple 

• Better understanding of cell insulation and refractory materials 
requirements 

Optimal operating parameters expected to be: reaction zone partial pressures of 
2 torr potassium iodode or 0.2 torr Rubidium iodide, 200 millitorr hydrogen, as 
high an operating temperature as possible, power density will be optimized by 
adjustment of partial pressures and temperatures within the limits of the device. 
Three Test Cell 1 devices have been fabricated: TCIAfor operation by 
NovaTech directed toward the above objectives, TC1B and TC1 C for operation 
by HPC to improve the understanding of the process by variation of key 
parameters! Test Cells TC1B and TC1C will have a partial Data Acquisition 
System. 

Test Cell 2 



Objective: Sejf-Sustained Operation (Long term (24 hour) operation without 
electrical input to the filament while maintaining reaction zone temperatures 
sufficient to support molecular hydrogen dissociation). 

Design Goals: 

• Higher temperature capability (eliminate oxide insulation through use of 
multi-layer insulation) 
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Better vacuum system (reduce bake-out times required, improve quality 
of bake-out) 

Automated Data Acquisition System (DAS) 
Improved catalyst pressure control 
Attempt to eliminate catalyst "loss" 

Instrumentation for optimization of operating parameters (prep for 

scaleup) ,. . 

Delta-T thermocouples at faster responding locations 

Greater range in power supply/controllable constant power source 

Design and fabricate a relatively inexpensive test bed for operation at 

higher temperatures than Test Cell 1 (allow for high surface area 

tungsten foams or powders, allow for various catalyste, investigate other 

materials, investigate different operating scenarios (T, P. flow, etc.)) 



Performance Goals: 



Reliable and repeatable startup and operation in a self-sustained mode 
for periods in excess of 24 hours . ^ 

Quantitative understanding of power production as a function of key 
operating parameters 

Average power density in the reaction zone volume greater than 1 watt 

per cubic centimeter in steady state 

Reliabfe operation of supporting auxiliary systems 

Centerline temperature operation in the range 1300 - 2000 °°C 



Test Cell 3: 

Objective: An engineering redesign of the self-sustaining Test Cell 2 device^ 
designed for comparable operating temperature with a geometry evolving toward 
a heat exchanger configuration for the functional prototype unit energy cell. 

Design Goals 

. Designed with advanced refractory materials, where required, from the outset 
. Designed to eliminate net catalyst loss during normal operation, including 

slew reactions of catalyst with cell contents and vessel 
. Provision for fabrication of multiple devices of varying length to investigate 

fuel and catalyst transport limits, with provision for axial data on performance 

Provtefon forcell heat loss characteristics to support both Initial heatup power 
requirements and heat transfer requirements of steady state operation 
beyond goal power densities .... 
♦ Provision for parallel operation of two energy cell units serviced by a 

common power supply, hydrogen supply, catalyst supply and vacuum system 
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• The materials and design of this cell will provide the basis for study of 
commercial sealeup in terms of materials choice for function and price of the 
Functional Prototype Unit Energy Cell 

• Analytical projection of sufficient operating lifetime for key materials 

• Provision for removal of reaction products or foreign gases during long term 
operation 

Performance Goals 

• Reliable and repeatable startup and operation in a self-sustained mode 

• Operation of an energy cell in a self-sustained mode for a period in excess of 
one week 

• Average power density in the reaction zone volume greater than 1 0 watts per 
cubic centimeter in steady state 

• Stable startup and operation of two or more energy cells supported by a 
common power supply, hydrogen supply, catalyst supply and vacuum system 

• Quantitative data on the effect of energy cell length on performance 

• Quantitative data supporting the key materials design lifetime analysis 

Functional Prototype Unit Energy Ceil 

Objective: Parallel energy cells, as well as necessary instrumentation, data 
gathering and analysis equipment designed and fabricated for operation in 
conjunction with an energy utilization device. The resulting functional prototype 
unit (combination of hydrocatalysis energy cell unit and energy utilization device) 
will be designed for operation in a controlled shop environment, with emphasis 
on understanding and resolving issues associated with the integration of an 
energy cell and energy utilization device over the range of expected operating 
conditions. This program may be under the auspices and largely funded by an 
OEM. 

Design Goals: 

• An energy cell unit comprised of multiple energy cells operating in parallel 
and serviced by a common power supply, hydrogen supply, catalyst supply , 
and vacuum system 

• Provisions for automated startup and operation of the energy cell unit 
meeting the environmental and control requirements of the energy utilization 
device while operating in a controlled shop environment (Auxiliary and 
control systems for the energy cell would not necessarily be physically 
integrated with those of the energy utilization device) 

• Energy cell unit capability (startup, dynamic response, power production, 
lifetime) as required to support the energy utilization device over a range of 
conditions covering the planned test matrix 

• OEM input 
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Performance Goals: 

• Reliable and repeatable startup and operation 

• Power production consistent with the design operating range of the energy 
utilization device . „ 

. Stable operation and dynamic response characteristics consistent with the 
requirements of the energy utilization device 

• Satisfactory operation over the conditions of the planned test matrix 

• OEM input 
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Attachment D 

Ust of Documents received by Kline-Anderson Inc. as background material from HPC and 
Technology Insights. 

HPC: 

Confidential Business Summary 

Confidential Short Business Summary . ^ , . 1QO< - 

^ctional Quantum Energy Levels of Hydrogen" Fusum Technology, Nov. 1995- 
Sential Paper "Fractional Quantum Energy Levels of Hydrogen Representative 
Recent Results Prepared For Wine Anderson" 
Book review by Dr. Reinhart Engelmann 
Confidential Company Presentation 

^It^F^r^sHydrmo: An Extreme UV Spectroscopy Proposal 
Measurement ofExcess Heat From Hydrino Production 
Protocol For the Synthesis of Dihydrino Molecules 

Protocol For Heat Measurements With the High Temperature Vapor Phase Cell 

Protocol for Heat Measurements With the AtMar Glass Lamp 

Protocol for Calvet Measurements of the High Temperature Vapor Phase CeU 

S^h^HySysis: Proof of Principal Potassium Carbonate Coated Nickel 
Hydride Experiments 
One Kilowatt Electric Prototype Proposal 

Technology Insights: _ inQ< 

HydroCatalysis Technical Assessment, August 30, iyw> 
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"Conceptual characterization of HydroCatalysis Turbine Application Optii 
(Technology Insights). 
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COMCO Technical Support Workscope 

Conceptual Characterization of HydroCatalysis 
Turbine Application Options 

1.0 Objective 

Identify steam and gas turbine options for power generation using the 

afessssSSSSSSs 

ongoing development of the energy cells. 
2.0 Background 

Went of arriving at or* or more functional prototype unto for near term 
development 

3.0 Options to be Addressed 

The svstem configuration options listed below will be considered along with 
addition^ r«5ET5SX be identified in the course of the work. 
fnfoSion is provided in an appendix to this document as a starting point for each 
SSon and to illustrate the approach to be taken and the informafon to be 
developed. 

3.1 Steam Turbine 

For the steam turbine options, the interface with the energy cell will I be either 
directly or indirectly with a steam boiler. In light of the decreased importance of 
effidenc^ lower pressure saturated or moderately superheated steam, similar to the 
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rfaine Application Options 



steam conditions in commercial water reactor power plants may be appropriate. The 
following steam turbine options, as defined in the appendix, will be considered. 

S-1 Radiant Recirculating Boiler 

S-2 Radiant Once-Through Boiler 

S-3 Natural Convection Recirculating Boiler 

S-4 Forced Convection Once-Through Boiler 

S-5 Forced Convection Intermediate Loop Boiler 

3.2 Gas Turbine 

Gas turbine options will include open and closed cycles, with cycle efficiency to 
be addressed in a manner consistent with the approach for the steam cycles. The 
following gas turbine options, as defined in the appendix, will be considered. 

G-1 Radiant Open Cycle 

G-2 Forced Convection Open Cycle 

G-3 Forced Convection Intermediate Loop Open Cycle 

G-4 Radiant Closed Cycle 

G-5 Forced Convection Closed Cycle 

4.0 Scope of Activities 

This effort will encompass the activities defined below. 

4.1 Option Characterization 

Using the material in the appendix as a starting point, characterize the options in 
sufficient detail to support the selection of one or more preferred options for further 
development as candidate(s) for a functional prototype. The following information will 
be developed for each option: 

• Concept Strengths - Expand and quantify the list of positive attributes 
identified in the appendix 

• Design Issues - Expand and quantify the list of design issues identified in 
the appendix 

• Energy Cell Environment - Quantify the energy cell environmental 
parameters identified in the appendix (with additional parameters if 
appropriate) 
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trhing Add" "''"" Potions 

. Development Requirements - Identify the scope of activities for 

K5^f p rototype and c ° mmerc,a,,zat,on of the 

concept . 
. Market Potential - Identify the range of products (size range, applications) 
and estimate the unit costs for volume production 

The degree of detail and ieve, SSSSSSS? 
options addressed and suftaeni .tc , supports ^^^LS«I in a product 

additional considerations noted above included. 
4 2 Preferred Option(s) Selection 

4 3 Preferred Option(s) Development 
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Attachment F 

"S-l Radiant Recirculating Boiler" (Technology Insights). 
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